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Description
BACKGROUND OF THE INVENTION AND PRIOR ART

[0001] The presentinvention concerns a method of op-
erating a plant comprising at least a first gas turbine, a
second turbine and a membrane reactor device which
comprises a membrane filter device for separating oxy-
gen from a gas mixture and a combustion space for the
combustion of a fuel. The invention also concerns a com-
bustion plant.

[0002] There are different requirements and desires of
reducing unwanted emissions from combustion plants.
It is thus, inter alia, desirable to reduce the emission of
nitrogen oxides as much as possible. There is also a
desire to reduce the emission of carbon dioxide which is
produced at the combustion. It is possible to recover car-
bon dioxide from a combustion gas, but since the con-
centration of carbon dioxide usually is low and since the
gas contains other substances, such as oxygen and ni-
trogen, it is relatively complicated to recover the carbon
dioxide.

[0003] A possibility to simplify the manner of recover-
ing carbon dioxide is that the combustion takes place in
another medium than air, from which medium carbon di-
oxide is easier to recover. If air is not used as the com-
bustion medium, then oxygen has to be added to the
combustion. Itis however relatively expensive to produce
oxygen to a sufficient amount. One possibility of produc-
ing oxygen is to use a suitable membrane filter device
which is arranged to separate oxygen from a gas mixture,
which gas mixture usually consists of air. Such mem-
brane filter devices are often called "solid electrolyte
membrane (SEM)".

[0004] Such membrane filter devices are described in
for example US-A-5 118 395. This document describes
two kinds of such SEM. The first kind of SEM comprises
a membrane that is arranged between two electrodes to
which a voltage source may be connected for applying
avoltage across the membrane. The second kind of SEM
is called "mixed conducting membrane (MCM)". This kind
of membrane filter device comprises a MCM-material and
functions without the application of an external voltage.
Such a membrane filter functions in that the partial pres-
sure of oxygen is lower on that side of the filter to which
oxygen is transferred. Oxygen ions are here conducted
in a first direction through the membrane and electrodes
are conducted back through the membrane in the oppo-
site direction. The document describes the use of such
membrane filter devices on the exhaust side of a gas
turbine for recovering oxygen from the exhaust from the
turbine. In this context a third kind of membrane ought
to be mentioned, i.e. a membrane of a fuel cell material.
Such a membrane conducts oxygen ions in a first direc-
tion while electrodes are conducted back via an external
conductive circuit.

[0005] Alsothe document EP-A-658 367 describes dif-
ferent kinds of SEM. This document describes different
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combustion plants with a membrane filter device from
which oxygen gas is extracted. The oxygen-depleted gas
which is obtained from the membrane filter device is con-
ducted to one or more combustion devices and combus-
tion gases from the combustion devices are used to run
a gas turbine.

[0006] The Norwegian patent application
NO-A-972631, which has been made public, describes
the use of MCM in combustion processes. According to
the described processes, compressed air is conducted
to a MSM-reactor. The MSM-reactor comprises a mem-
brane filter device which separates oxygen from the air.
The heated air from which oxygen has been separated
is conducted away via a heat exchanger. The separated
oxygen is used at the combustion and combustion gases
are conducted to a gas turbine for running the same. The
combustion gases mainly consist of water steam and car-
bon dioxide. The water steam may be condensed, which
makes it possible for carbon dioxide to be separated and
to be taken care of. Since nitrogen essentially does not
take part in the combustion process, the emission of un-
desired nitrogen oxides is avoided.

[0007] The Norwegian patent application
NO-A-972632, which has been made public, describes
similar processes where MSM is used. This application
discloses that compressed air goes through a combus-
tion and is conducted on to a MCM-reactor. The com-
busted air which has passed through the MCM-reactor
is conducted away via a gas turbine. Since this air has
gone through a combustion, it comprises carbon dioxide
and certain nitrogen oxides. The oxygen which has been
separated from the air mixture inthe MCM-reactoris used
in a combustion process for thereafter running a gas tur-
bine.

SUMMARY OF THE INVENTION

[0008] The purpose of the present invention is to
achieve an improved method of operating a combustion
plant of the kind which comprises at least a first gas tur-
bine, a second turbine and a membrane reactor device
which comprises a membrane filter device for separating
oxygen from a gas mixture and a combustion space for
the combustion of a fuel. A purpose is thereby to achieve
a method with a high efficiency at the same time as it is
possible to avoid undesired emissions of combustion
products. Another purpose is to achieve such a method
by relatively simple means. Still another purpose of the
invention is to achieve a combustion plant for carrying
out the method according to the invention. Further ad-
vantages of the invention will be clear from the description
below.

[0009] The purpose of the invention is achieved by the
initially mentioned method, which method comprises:

that a gas mixture containing oxygen is supplied to
the membrane reactor device and there goes
through a separation in the membrane filter device,
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such that at least some oxygen is separated from
the gas mixture such that an oxygen-depleted gas
is obtained,

that at least a part of said oxygen which has been
separated from the gas mixture is used at said com-
bustion in the combustion space,

that said gas mixture is heated with the help of heat
generated through said combustion in the combus-
tion space,

that at least a part of said heated oxygen-depleted
gas, which has not gone through a combustion proc-
ess, is used to run said first gas turbine, and

that at least a part of the combustion gases which
emanate from said combustion is used to run said
second turbine.

[0010] Said heated oxygen-depleted gas mixture
which is supplied to the first gas turbine has thus been
heated without taking partin the actual combustion proc-
ess. Since this heated oxygen-depleted gas is used to
run a gas turbine, the energy in this heated gas is used
in an efficient manner and since the gas that runs the
first gas turbine has not gone through a combustion, this
gas comprises no essentialamount of undesired nitrogen
oxides or carbon dioxide. The energy in the heated oxy-
gen-depleted gasis thus used in an efficient manner with-
out causing undesired emissions. At the same time of
course the energy in said combustion gases is used,
since these gases are conducted to another turbine for
running the same. With the method according to the in-
vention a high efficiency may thus be obtained at the
same time as undesired emissions are avoided.

[0011] Unlike the method in the above mentioned
NO-972631, the heated oxygen-depleted gas mixture is
used to run a gas turbine, which has been shown to lead
toahigh efficiency of the method according to the present
invention. Unlike the method according to the above
mentioned NO-972632, according to the present inven-
tion gas that has not gone through a combustion is used
to run the first gas turbine. This means that undesired
emissions of nitrogen oxides and carbon dioxide are
avoided.

[0012] In this context the following may be noted. The
membrane reactor device may constitute one unit where
the membrane filter device and the combustion space
both are arranged within one and the same casing. It is
however also possible that the membrane filter device is
arranged separately and at a distance from the combus-
tion space. The membrane reactor device comprises in
this case thus two separate units which however are con-
nected to each other in such a manner that heat from the
combustion in the combustion space can be used for
heating the gas mixture which is conducted to the mem-
brane filter device. It should also be noted that by "oxy-
gen-depleted gas" is in this context meant only that this
gas contains less oxygen than the gas mixture before
oxygen has been separated from the gas mixture. The
oxygen-depleted gas may thus still contain a smaller or
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larger amount of oxygen.

[0013] According to an advantageous manner of car-
rying out the method, said gas mixture which is supplied
to the membrane reactor device consists of air. The meth-
od is made very simple in that air is used for said gas
mixture. This means that also a conventional gas turbine
that is optimised for being run by air may be used as said
first gas turbine.

[0014] According to a further advantageous manner of
carrying out the method, the gas which leaves said first
gas turbine is used for heating in a heat exchanger. The
heat that exists in the gas which leaves the first gas tur-
bine is thereby used.

[0015] According to another advantageous manner of
carrying out the method, said heat exchanger is used to
evaporate a medium that runs a steam turbine. Thereby,
the energy that exists in the gas which is conducted to
the heat exchanger can be used in an efficient manner.
[0016] According to a further advantageous manner of
carrying out the method, also the gas which leaves the
second turbine is used for heating in said heat exchanger.
Thereby an efficient use of the heat that exists in the gas
from the second turbine is achieved.

[0017] According to a further advantageous manner of
carrying out the method, said gas which leaves the sec-
ond turbine comprises at least the substances CO, and
H,0, wherein, after passing through said heat exchang-
er, atleast some H,O is conducted back to the membrane
reactor device. Water may thus be conducted back to
the membrane reactor device, for example in order to
contribute to the avoidance of coke formation on the
membrane surfaces.

[0018] According to a further advantageous manner of
carrying out the method, said gas which leaves the sec-
ond turbine comprises at least the substances CO, and
H,0, wherein, after passing through said heat exchang-
er, CO, is completely or partly taken care of for use or
storage. The emission of carbon dioxide to the environ-
ment is thereby avoided.

[0019] According to another advantageous manner of
carrying out the method, said second turbine constitutes
said steam turbine, wherein the steam turbine is fed with
a turbine medium which is conducted in a conduit mem-
ber and heated in said heat exchanger, and wherein at
least a part of said combustion gases from the combus-
tion in the membrane reactor device is conducted to said
conduit member for being supplied to said steam turbine.
According to this manner there is thus no need for a sec-
ond gas turbine. The energy in the combustion gases is
still used in that they are used to run said steam turbine.
This manner leads to a reduction of the costs. It is of
course possible that combustion gases are conducted
both to a gas turbine and to a steam turbine.

[0020] According to a further advantageous manner of
carrying out the method, said combustion gases which
are conducted to said conduit member comprises atleast
the substances CO, and H,O, wherein, after passing
through said steam turbine, at least some CO, is drained



5 EP 1 285 155 B1 6

off from the conduit member for use or storage. Since
carbon dioxide is supplied to the steam turbine, this car-
bon dioxide must be taken care of. Through this manner,
it is avoided that the carbon dioxide is discharged into
the environment.

[0021] According to a further advantageous manner of
carrying out the method, after passing through said
steam turbine, at least some H,O is drained off from the
conduit member and brought back to said membrane re-
actor device. The combustion gases which are supplied
to the steam turbine cycle normally comprise a certain
amount of water steam. In order to avoid that the amount
of waterincreases in the steam turbine cycle, some water
is therefore suitably drained off. At least a part of this
water may be conducted back to the membrane reactor
device for optimising the conditions in the same.

[0022] According to a further advantageous manner of
carrying out the method, said gas mixture is compressed
with the help of a compressor before it is supplied to the
membrane reactor device. A suitable pressure is thereby
obtained in the gas mixture.

[0023] According to still another advantageous man-
ner of carrying out the method, said compressor is run
by said first and/or second turbine. This constitutes an
efficient manner of running the compressor. The different
turbines may have a common axis of rotation, but this is
not necessary. According to a particularly advantageous
manner of carrying out the method, said compressor and
said first gas turbine together constitute a conventional
gas turbine arrangement with a compressor part and a
turbine part.

[0024] According to a further advantageous manner of
carrying out the method, electric energy is derived from
the membrane reactor device. This constitutes an optimal
use of the energy that is produced in the membrane re-
actor device.

[0025] According to a further advantageous manner of
carrying out the method, the membrane filter device com-
prises both MCM-material and a fuel cell material, where-
in said fuel cell material is used for deriving said electric
energy.

[0026] As has been mentioned above, a purpose of
the invention is to achieve a combustion plant. This com-
bustion plant comprises: a first gas turbine, a second
turbine, a membrane reactor device which comprises a
membrane filter device for separating oxygen from a gas
mixture and a combustion space for the combustion of a
fuel, first conduit means arranged to conduct a gas mix-
ture containing oxygen to said membrane reactor device,
wherein the membrane reactor device is arranged such
that said gas mixture goes through a separation in the
membrane filter device, such that at least some oxygen
is separated from the gas mixture such that an oxy-
gen-depleted gas is obtained and such that at least a
part of said oxygen which has been separated from the
gas mixture is used at said combustion in the combustion
space, wherein the membrane reactor device is arranged
such that said gas mixture is heated with the help of heat
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generated through said combustion in the combustion
space, a second conduit means arranged for conducting
atleast a part of said heated oxygen-depleted gas, which
has not gone through a combustion process, to said first
gas turbine for running the same, and third conduitmeans
arranged for conducting at least a part of the combustion
gases which emanate from said combustion to said sec-
ond turbine for running the same.

[0027] With such a combustion plant corresponding
advantages are achieved as those which have been de-
scribed above in connection with the method. The device
may also comprise further components which will be de-
scribed below in connection with the description of em-
bodiments of the invention.

SHORT DESCRIPTION OF THE DRAWINGS

[0028] The present invention will now be explained
with the help of examples of manners of carrying out the
method and embodiments of the device and with refer-
ence to the annexed drawings.

Fig 1 shows schematically an example of a combus-
tion plant according to the invention.

Fig 2 shows also schematically an alternative em-
bodiment of a combustion plant according to the in-
vention.

DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

[0029] The invention will now first be described with
reference to Fig 1 and Fig 2. These figures show embod-
iments of the combustion plant according to the invention.
The method according to the invention will be clear from
the description of the function of the plants according to
these figures.

[0030] Fig 1 shows that a gas mixture, preferably air,
is conducted via an inlet 10 to a compressor 12. The
compressed gas mixture is further conducted via a first
conduit means 14 to a membrane reactor device 16. The
membrane reactor device 16 comprises a membrane fil-
ter device 18 for separating oxygen from a gas mixture
and a combustion space 19 for the combustion of a fuel.
This fuel is supplied via a fuel inlet 8. The fuel may for
example consist of natural gas or other fossil fuel. As has
been pointed out above, itis not necessary that the mem-
brane filter device 18 and the combustion space 19 are
arranged within one and the same casing. However, ac-
cording to a preferred embodiment, the membrane reac-
tor device 16 constitutes one unit which comprises said
membrane filter device 18 and the combustion space 19.
The gas mixture which is supplied to the membrane re-
actor device 16 is heated with the help of heat which is
formed through the combustion in the combustion space
19. The heating is done to a working temperature which
is suitable for the membrane filter device 18. This tem-
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perature may for example be between 800°C and 1
200°C.

[0031] The gas mixture which comprises oxygen goes
through a separation in the membrane filter device 18.
At least some oxygen is thus separated from the gas
mixture and is transferred from a first space 20 to a sec-
ond space 22. The oxygen-depleted gas which remains
in the first space 20 is conducted via a second conduit
means 24 to a first gas turbine 26 for running the same.
At least a part of the oxygen which has been separated
from the gas mixture and which has been transferred to
the second space 22 is used at the combustion in the
combustion space 19. At least a part of the combustion
gases which emanate from the combustion is conducted
via a third conduit means 32 to a second turbine 34 for
running the same. The second turbine 34 may suitably
be a turbine that is adapted to be run by said combustion
gases. Gas from the first gas turbine 26 is conducted via
a fourth conduit means 28 to a heat exchanger 30 and
further from the heat exchanger 30 to an outlet 31. Since
this gas preferably only consists of air that has not gone
through a combustion, this gas may be emitted into the
environment without causing any harm. The gas from the
second turbine 34 is conducted via a fifth conduit means
36 to said heat exchanger 30. The remaining heat in the
gases from the two turbines 26, 34 is thus used for heating
in the heat exchanger 30.

[0032] The heat exchanger 30 is preferably used for
heating a medium, for example water, which flows
through a conduit member 48 for running a steam turbine
50. The steam turbine may for example be used for run-
ning a generator 56 for producing electric energy. The
conduit member 48 in the steam turbine cycle suitably
passes through a heat exchanger 52 with the help of
which further useful energy may be extracted from the
medium that flows in the conduit member 48. Further-
more, this heat exchanger 52 can condense the medium
which flows in the conduit member 48. The steam turbine
cycle may also comprise a pump 51 for pumping the me-
dium in the conduit member 48.

[0033] In the shown embodiment, the compressor 12
is run by the first 26 and the second 34 turbines, which
have a common axis of rotation. The first 26 and second
34 turbines may also be used to run a generator 54 for
producing electric energy. The second turbine 34 does
of course not have to be arranged on the same axis of
rotation as the first turbine 26. The second turbine 34
may in this case be arranged to run a separate generator
for producing electric energy. However, according to an
advantageous embodiment, the compressor 12 and the
first gas turbine 26 have a common axis of rotation. The
first gas turbine 26 and the compressor 12 may thus to-
gether constitute a conventional gas turbine arrange-
ment which is adapted to be run by air.

[0034] The gases from the second turbine 34 which
have been conducted via the fifth conduit means 36
through the heat exchanger 30 are conducted further via
a heat exchanger 38. The combustion gas which ema-
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nates from combustion in the membrane reactor device
16 and which has been conducted via the second turbine
34 and the fifth conduit means 36 comprises mainly car-
bon dioxide and water steam. In the heat exchanger 38,
this gas is preferably cooled such that water is con-
densed. The water may possibly by drained off via a dis-
charge member 40. After the condensation of the water,
the remaining gas mainly comprises carbon dioxide. This
fact makes it possible for carbon dioxide to be drained
off via the discharge member 42. Carbon dioxide may
thereby be taken care of for use or storage and does
therefore not need to be discharged into the environment.
According to a preferred manner of carrying out the meth-
od according to the invention, essentially all carbon di-
oxide is drained off via the discharge member 42. Some
water may possibly via a sixth conduit means 46 be con-
ducted back to the membrane reactor device 16. The
water may be used for avoiding coke-formation on the
membrane surfaces. According to another alternative
embodiment, also a certain amount of carbon dioxide
may be conducted back to the membrane reactor device
16 via the sixth conduit means 46 for acting as a sweep
gas in the membrane filter device 18. In case mainly only
water is conducted back to the membrane reactor device
16, a sweep gas for the membrane filter device 18 may
possibly be produced internally in the membrane reactor
device 16.

[0035] The combustion plant may also comprise a de-
vice 58 for deriving electric energy from the membrane
reactor device 16. The membrane filter device 18 which
forms part of the membrane reactor device 16 may be of
the kind where a difference in electric potential occurs
between different positions in the membrane filter device
18. This difference in electric potential may be used for
extracting electric energy. The potential difference may
for example be achieved in that the membrane filter de-
vice, in addition to a MCM-material, also comprises a fuel
cell material.

[0036] Fig 2 illustrates an alternative embodiment to
the above-described method and combustion plant. Cor-
responding parts as in Fig 1 have the same reference
numbers in Fig 2. For these parts, it is referred to the
description above in connection with Fig 1. The embod-
iment according to Fig 2 differs from the embodiment
according to Fig 1 primarily in that combustion gases
from the membrane reactor device 16 are not conducted
to a separate turbine but are conducted via the third con-
duit means 32 to the above mentioned conduit member
48 which forms part of the steam turbine circle. The com-
bustion gases from the membrane reactor device 16 thus
contribute to the operation of the steam turbine 50. The
combustion gases that via the third conduit means 32
are conducted to the conduitmember 48 mainly comprise
carbon dioxide and water steam. After passing through
the steam turbine 50, suitably water steam is condensed
to water with the help of a heat exchanger 52. Carbon
dioxide may then be drained off via discharge member
53 for use or for storage. Via the discharge member 55,
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water may be drained off from the conduit member 48.
This water may in a similar manner as in connection with
Fig 1 possibly be conducted back to the membrane re-
actor device 16. Possibly, some water may be conducted
to the third conduit means 32 via a seventh conduit
means 57.

[0037] Itshould be noted that the figures only illustrate
the plant schematically. The plant may thus comprise
other parts than those shown in the figures. For example,
further heat exchangers may be used for controlling the
temperature and for extracting heat.

[0038] The method and the plant according to the
present invention have several advantages. The com-
bustion thus takes place essentially or completely in the
absence of nitrogen. This means that no undesired ni-
trogen oxides are formed or dis-charged from the plant.
Since the combustion gases mainly comprise carbon di-
oxide and water, and since the water may be condensed,
the remaining carbon dioxide may be separated from the
water and taken care of. Since the membrane reactor
device 16 runs both afirst 26 and a second 34, 50 turbine,
the energy from the membrane reactor device 16 is used
in an efficient manner. The membrane reactor device 16
may comprise catalytic as well as non-catalytic combus-
tion. Furthermore, electric energy may be produced di-
rectly from the membrane reactor device 16. It should be
noted that the electric energy which is hereby produced
normally has the form of a direct current. The device 58
for extracting electric energy may therefore possibly com-
prise a converter which converts the direct current to an
alternating current. An environmentally friendly method
and a combustion plant with a high efficiency are thus
obtained with the invention.

[0039] Theinventionis notlimited to the described em-
bodiments but may be varied and modified within the
scope of the following claims.

Claims

1. A method of operating a combustion plant compris-
ing at least a first gas turbine (26), a second turbine
(34, 50) and a membrane reactor device (16) which
comprises a membrane filter device (18) for sepa-
rating oxygen from a gas mixture and a combustion
space (19) for the combustion of a fuel, which method
comprises:

that a gas mixture containing oxygen is supplied
to the membrane reactor device (16) and there
goes through a separation inthe membrane filter
device (18), such that at least some oxygen is
separated from the gas mixture such that an ox-
ygen-depleted gas is obtained,

that at least a part of said oxygen which has
been separated from the gas mixture is used at
said combustion in the combustion space (19),
that said gas mixture is heated with the help of
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10.

heat generated through said combustion in the
combustion space (19),

that at least a part of said heated oxygen-deplet-
ed gas, which has not gone through a combus-
tion process, is used to run said first gas turbine
(26), and

that at least a part of the combustion gases
which emanate from said combustion is used to
run said second turbine (34, 50).

A method according to claim 1, wherein said gas
mixture which is supplied to the membrane reactor
device (16) consists of air.

A method according to any of the preceding claims,
wherein the gas which leaves said first gas turbine
(26) is used for heating in a heat exchanger (30).

A method according to claim 3, wherein said heat
exchanger (30) is used to evaporate a medium that
runs a steam turbine (50) .

A method according to claim 3 or 4, wherein also the
gas which leaves the second turbine is used for heat-
ing in said heat exchanger (30).

A method according to claim 5, wherein said gas
which leaves the second turbine (34) comprises at
least the substances CO, and H,O and wherein, af-
ter passing through said heat exchanger (30), at
least some H,0 is conducted back to the membrane
reactor device (16).

A method according to claim 5 or 6, wherein said
gas which leaves the second turbine (34) comprises
atleast the substances CO, and H,0O, wherein, after
passing through said heat exchanger, CO, is com-
pletely or partly taken care of for use or storage.

A method according to claim 4, wherein said second
turbine (50) constitutes said steam turbine (50),
wherein the steam turbine (50) is fed with a turbine
medium which is conducted in a conduit member
(48) and heated in said heat exchanger (30), and
wherein atleast a part of said combustion gases from
the combustion in the membrane reactor device (16)
is conducted to said conduit member (18) for being
supplied to said steam turbine (50).

A method according to claim 8, wherein said com-
bustion gases which are conducted to said conduit
member (48) comprises at least the substances CO,
and H,0, wherein, after passing through said steam
turbine (50), at least some CO, is drained off from
the conduit member (48) for use or storage.

A method according to claim 8 or 9, wherein after
passing through said steam turbine (50), at least
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some H,O is drained off from the conduit member
(48) and brought back to said membrane reactor de-
vice (16).

A method according to any of the preceding claims,
wherein said gas mixture is compressed with the
help of a compressor (12) before it is supplied to the
membrane reactor device (16).

A method according to claim 11, wherein said com-
pressor (12) is run by said first (26) and/or second
(34, 50) turbine.

A method according to any of the preceding claims,
wherein electric energy is derived from the mem-
brane reactor device (16).

A method according to claim 13, wherein the mem-
brane filter device (18) comprises both MCM-mate-
rial and a fuel cell material and wherein said fuel cell
material is used for deriving said electric energy.

A combustion plant comprising: a first gas turbine
(26), a second turbine (34, 50), a membrane reactor
device (16) which comprises a membrane filter de-
vice (18) for separating oxygen from a gas mixture
and a combustion space (19) for the combustion of
a fuel, first conduit means (14) arranged to conduct
a gas mixture containing oxygen to said membrane
reactor device (16), wherein the membrane reactor
device (16) is arranged such that said gas mixture
goes through a separation in the membrane filter de-
vice (18), such that at least some oxygen is separat-
ed from the gas mixture such that an oxygen-deplet-
ed gas is obtained and such that at least a part of
said oxygen which has been separated from the gas
mixture is used at said combustion in the combustion
space (19), wherein the membrane reactor device
(16) is arranged such that said gas mixture is heated
with the help of heat generated through said com-
bustion in the combustion space (19), a second con-
duit means (24) arranged for conducting at least a
part of said heated oxygen-depleted gas, which has
not gone through a combustion process, to said first
gas turbine (26) for running the same, and third con-
duit means (32) arranged for conducting at least a
part of the combustion gases which emanate from
said combustion to said second turbine (34, 50) for
running the same.

Patentanspriiche

1.

Verfahren zum Betreiben einer Verbrennungsanla-
ge, umfassend wenigstens eine erste Gasturbine
(26), eine zweite Turbine (34, 50) und eine Mem-
branreaktorvorrichtung (16), die eine Membranfilter-
vorrichtung (18) zum Trennen von Sauerstoff von

10

15

20

25

30

35

40

45

50

55

einer Gasmischung sowie einen Verbrennungsraum
(19) fur die Verbrennung eines Brennstoffs aufweist,
wobei das Verfahren umfasst:

- dass eine Sauerstoff enthaltende Gasmi-
schung der Membranreaktorvorrichtung (16)
zugefuhrt wird und dort durch eine Abtrennung
in der Membranfiltervorrichtung (18) hindurch-
geht, so dass wenigstens etwas Sauerstoff von
der Gasmischung getrennt wird, so dass ein
sauerstoffarmes Gas erzielt wird,

- dass wenigstens ein Teil des Sauerstoffs, der
von der Gasmischung getrennt wurde, bei der
Verbrennung in dem Verbrennungsraum (19)
verwendet wird,

- dass die Gasmischung mit Hilfe von Warme
erwarmt wird, die durch die Verbrennung in der
Verbrennungskammer (19) erzeugt wird,

- dass wenigstens ein Teil des erwdrmten sau-
erstoff armen Gases, das kein Verbrennungs-
verfahren durchlaufen hat, zum Antreiben der
ersten Gasturbine (26) verwendet wird, und

- dass wenigstens ein Teil der Verbrennungs-
gase, die bei der Verbrennung ausstrémen, zum
Antreiben der zweiten Turbine (34, 50) verwen-
det wird.

Verfahren nach Anspruch 1, bei dem die der Mem-
branreaktorvorrichtung (16) zugefiihrte Gasmi-
schung aus Luft besteht.

Verfahren nach einem der vorigen Anspriche, bei
dem das Gas, das die erste Gasturbine (26) verlasst,
zur Erwarmung in einem Warmetauscher (30) ver-
wendet wird.

Verfahren nach Anspruch 3, bei dem der Warmetau-
scher (30) verwendet wird, um ein Medium zu ver-
dampfen, das eine Dampfturbine (50) antreibt.

Verfahren nach Anspruch 3 oder 4, bei dem auch
das Gas, das die zweite Turbine verlasst, zum Er-
warmen in dem Warmetauscher (30) verwendet
wird.

Verfahren nach Anspruch 5, bei dem das Gas, das
die zweite Turbine (34) verlasst, wenigstens die Sub-
stanzen CO2 und H,0 aufweist und bei dem wenig-
stens etwas H,O nach dem Durchlaufen des War-
metauschers (30) zu der Membranreaktorvorrich-
tung (16) zurlckgeleitet wird.

Verfahren nach Anspruch 5 oder 6, beidem das Gas,
das die zweite Turbine (34) verlasst, wenigstens die
Substanzen CO, und H,0 aufweistund beidem CO,
nach dem Durchlaufen des Warmetauschers voll-
standig oder teilweise genutzt oder gelagert wird.
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Verfahren nach Anspruch 4, bei dem die zweite Tur-
bine (50) die Dampfturbine (50) bildet, wobei die
Dampfturbine (50) mit einem Turbinenmedium ge-
speist wird, das in einem Leitungsglied (48) geleitet
und in dem Warmetauscher (30) erwarmt wird, und
wobei wenigstens ein Teil der Verbrennungsgase
von der Verbrennung in der Membranreaktorvorrich-
tung (16) dem Leitungsglied (18) zugeleitet wird, um
der Dampfturbine (50) zugefiihrt zu werden.

Verfahren nach Anspruch 8, bei dem die Verbren-
nungsgase, die dem Leitungsglied (48) zugeleitet
werden, wenigstens die Substanzen CO, und H,0O
aufweisen, wobei wenigstens etwas CO, nach dem
Durchlaufen der Dampfturbine (50) von dem Lei-
tungsglied (48) zur Verwendung oder Lagerung ab-
gezogen wird.

Verfahren nach Anspruch 8 oder 9, bei dem wenig-
stens etwas H,O nach dem Durchlaufen der Dampf-
turbine (50) von dem Leitungsglied (48) abgezogen
und zu der Membranreaktorvorrichtung (16) zurlick-
gefiihrt wird.

Verfahren nach einem der vorigen Anspriiche, bei
dem die Gasmischung mit Hilfe eines Verdichters
(12) verdichtet wird, bevor sie der Membranreaktor-
vorrichtung (16) zugefihrt wird.

Verfahren nach Anspruch 11, beidem der Verdichter
(12) von der ersten Turbine (26) und/oder der zwei-
ten Turbine (34, 50) angetrieben wird.

Verfahren nach einem der vorigen Anspriiche, bei
dem elektrische Energie von der Membranreaktor-
vorrichtung (16) gewonnen wird.

Verfahren nach Anspruch 13, bei dem die Membran-
filtervorrichtung (18) sowohl MLM-Material als auch
ein Brennstoffzellenmaterial umfasst und bei dem
das Brennstoffzellenmaterial verwendet wird, um die
elektrische Energie zu gewinnen.

Verbrennungsanlage, umfassend: eine erste Gas-
turbine (26), eine zweite Turbine (34, 50), eine Mem-
branreaktorvorrichtung (16), die eine Membranfilter-
vorrichtung (18) zum Trennen von Sauerstoff von
einer Gasmischung sowie einen Verbrennungsraum
(19) zum Verbrennen eines Brennstoffs aufweist, ein
erstes Leitmittel (14), das daflir vorgesehen ist, eine
Sauerstoff enthaltende Gasmischung zu der Mem-
branreaktorvorrichtung (16) zu leiten, wobei die
Membranreaktorvorrichtung (16) dafiir vorgesehen
ist, dass die Gasmischung durch eine Abtrennung
in der Membranfiltervorrichtung (18) hindurchgeht,
so dass wenigstens etwas Sauerstoff von der Gas-
mischung getrennt wird, so dass ein sauerstoffar-
mes Gas erzielt wird und so dass wenigstens ein
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Teil des Sauerstoffs, der von der Gasmischung ge-
trennt wurde, bei der Verbrennung in dem Verbren-
nungsraum (19) verwendet wird, wobei die Mem-
branreaktorvorrichtung (16) dafiir vorgesehen ist,
dass die Gasmischung mit Hilfe der Warme, die
durch die Verbrennung in dem Verbrennungsraum
(19) erzeugt wird, erwarmt wird, ein zweites Leitmit-
tel (24), das dafiir vorgesehen ist, wenigstens einen
Teil des erwadrmten sauerstoffarmes Gases, das
noch kein Verbrennungsverfahren durchlaufen hat,
zu der ersten Gasturbine (26) zu leiten, um diese
anzutreiben, und ein drittes Leitmittel (32), das dafur
vorgesehen ist, wenigstens einen Teil der Verbren-
nungsgase, die bei der Verbrennung ausstrémen,
zu der zweiten Turbine (34, 50) zu leiten, um diese
anzutreiben.

Revendications

Procédé permettant de faire fonctionner une instal-
lation de combustion comprenant au moins une pre-
miére turbine a gaz (26), une seconde turbine (34,
50) et un dispositif de réacteur a membrane (16) qui
comprend un dispositif de filtre a membrane (18)
pour séparer I'oxygéne d’un mélange de gaz et un
espace de combustion (19) pour la combustion d’'un
combustible, lequel procédé comprend :

I'étape consistant en ce qu'un mélange de gaz
contenant de 'oxygéne est fourni au dispositif
de réacteur a membrane (16) et qu’il subit une
séparation dans le dispositif de filtre a membra-
ne (18), de sorte qu’au moins une certaine partie
d’'oxygene est séparée du mélange de gaz de
sorte que 'on obtient un gaz appauvri en oxy-
géne,

I'étape consistant en ce qu’au moins une partie
dudit oxygéne qui a été séparée du mélange de
gaz est utilisée au niveau de ladite combustion
dans I'espace de combustion (19),

I'étape consistant en ce que ledit mélange de
gaz est chauffé a l'aide de chaleur générée par
le biais de ladite combustion dans I'espace de
combustion (19),

I'étape consistant en ce qu’au moins une partie
dudit gaz appauvri en oxygéne chauffé, qui n'a
pas subi un processus de combustion, est utili-
sée pour faire fonctionner ladite premiere turbi-
ne a gaz (26), et

I'étape consistant en ce qu’au moins une partie
des gaz de combustion qui émanent de ladite
combustion est utilisée pour faire fonctionner la-
dite seconde turbine (34, 50).

2. Procédé selon la revendication 1, dans lequel ledit

mélange de gaz qui est fourni au dispositif de réac-
teur a membrane (16) se compose d’air.
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Procédé selon I'une quelconque des revendications
précédentes, dans lequel le gaz qui sort de ladite
premiére turbine a gaz (26) est utilisé pour le chauf-
fage dans un échangeur de chaleur (30).

Procédé selon la revendication 3, dans lequel ledit
échangeur de chaleur (30) est utilisé pour faire éva-
porer un milieu qui circule dans une turbine a vapeur
(50).

Procédé selon la revendication 3 ou 4, dans lequel
le gaz qui sort de la seconde turbine est également
utilisé pour le chauffage dans ledit échangeur de
chaleur (30).

Procédé selon la revendication 5, dans lequel ledit
gaz qui sort de la seconde turbine (34) comprend au
moins les substance CO, et H,O et dans lequel,
aprés étre passeé par ledit échangeur de chaleur (30),
au moins une partie du H,O est renvoyée vers le
dispositif de réacteur a membrane (16).

Procédé selon la revendication 5 ou 6, dans lequel
ledit gaz qui sort de la seconde turbine (34) com-
prend au moins les substances CO, et H,0O, dans
lequel, aprés étre passé a travers ledit échangeur
de chaleur, le CO, est complétement ou partielle-
ment traité pour étre utilisé ou stocké.

Procédé selon la revendication 4, dans lequel ladite
seconde turbine (50) constitue ladite turbine a va-
peur (50), dans lequel la turbine a vapeur (50) est
alimentée avec un milieu de turbine qui est conduit
dans un élément de conduit (48) et chauffé dans ledit
échangeur de chaleur (30), et dans lequel au moins
une partie desdits gaz de combustion provenant de
la combustion dans le dispositif de réacteur a mem-
brane (16) est amenée audit élément formant con-
duit (48) pour étre fournie a ladite turbine a vapeur
(50).

Procédé selon la revendication 8, dans lequel lesdits
gaz de combustion qui sont amenés audit élément
de conduit (48) comprennent au moins les substan-
ces CO, et H,0, dans lequel aprés étre passés a
travers ladite turbine a vapeur (50), au moins une
partie du CO, est extraite de I'élément de conduit
(48) pour étre utilisée ou stockée.

Procédé selon la revendication 8 ou 9, dans lequel
apres étre passée a travers ladite turbine a vapeur
(50), au moins une partie du H,O est extraite de I'élé-
ment de conduit (48) et ramenée vers ledit dispositif
de réacteur a membrane (16).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ledit mélange de gaz est
comprimé a l'aide d’'un compresseur (12) avant qu’il
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soit fourni au dispositif de réacteur a membrane (16).

Procédé selon la revendication 11, dans lequel ledit
compresseur (12) est entrainé par lesdites premiére
(26) et/ou seconde (34, 50) turbines.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel une énergie électrique est
dérivée du dispositif de réacteur a membrane (16).

Procédé selon la revendication 13, dans lequel le
dispositif de filtre a membrane (18) comprend a la
fois du matériau MCM et un matériau de pile a com-
bustible et dans lequel ledit matériau de pile a com-
bustible est utilisé pour dériver ladite énergie élec-
trique.

Installation de combustion comprenant : une pre-
miére turbine a gaz (26), une seconde turbine (34,
50), un dispositif de réacteur a membrane (16) qui
comprend un dispositif de filtre @ membrane (18)
pour séparer de I'oxygéne d’un mélange de gaz et
un espace de combustion (19) pour la combustion
d’'un combustible, des premiers moyens de conduit
(14) agencés pour amener un mélange de gaz con-
tenant de I'oxygéne audit dispositif de réacteur a
membrane (16), dans lequel le dispositif de réacteur
a membrane (16) est agencé de sorte que ledit mé-
lange de gaz subit une séparation dans le dispositif
de filtre a membrane (18), de sorte qu’au moins une
partie de 'oxygéne est séparée du mélange de gaz
de sorte que I'on obtient un gaz appauvri en oxygéne
et de sorte qu’au moins une partie dudit oxygéne qui
a été séparée du mélange de gaz est utilisée au ni-
veau de ladite combustion dans I'espace de com-
bustion (19), dans lequel le dispositif de réacteur a
membrane (16) est agencé de sorte que ledit mé-
lange de gaz est chauffé a 'aide de la chaleur gé-
nérée par ladite combustion dans I'espace de com-
bustion (19), des seconds moyens de conduit (24)
agencés pour amener au moins une partie dudit gaz
appauvri en oxygéne chauffé, qui n’a pas subi un
processus de combustion, vers ladite premiére tur-
bine a gaz (26) pour faire fonctionner cette derniére,
et des troisiemes moyens de conduit (32) agencés
pour amener au moins une partie des gaz de com-
bustion qui émanent de ladite combustion vers ladite
seconde turbine (34, 50) pour faire fonctionner cette
derniére.
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